abstract PURPOSE The KRISTINE study compared neoadjuvant trastuzumab emtansine plus pertuzumab (T-DM1+P) with docetaxel, carboplatin, trastuzumab plus P (TCH+P) for the treatment human epidermal growth factor receptor 2-positive stage II to III breast cancer. T-DM1+P led to a lower pathologic complete response rate (44.4% v 55.7%; P = .016), but fewer grade 3 or greater and serious adverse events (AEs). Here, we present 3-year outcomes from KRISTINE.
INTRODUCTION
Current standard-of-care neoadjuvant regimens for the treatment of human epidermal growth factor receptor 2 (HER2) -positive breast cancer consist of conventional systemic chemotherapy plus trastuzumabbased therapy. 1 Pathologic complete response (pCR) rates with conventional systemic chemotherapy plus HER2 blockade have ranged from 25% to 65%, [2] [3] [4] [5] [6] [7] [8] with dual HER2-targeted regimens producing increased pCR rates compared with trastuzumab alone. 5, 6 pCR in the breast and nodes is associated with prolonged event-free survival (EFS) and overall survival (OS) in patients with HER2-positive breast cancer. 9 Despite the pCR benefits of dual HER2-targeted neoadjuvant therapy, approximately 15% of patients will experience disease relapse or death within 3 to 5 years. 10, 11 In addition, these regimens are accompanied by toxicities that are associated with conventional systemic chemotherapy, such as neutropenia and febrile neutropenia. 4, 5, 10 Improving outcomes and safety among patients with HER2-positive early breast cancer remain important goals when developing neoadjuvant and adjuvant therapies.
The KRISTINE study is a phase III, randomized, multicenter, open-label study that evaluated a neoadjuvant regimen in which conventional systemic chemotherapy is replaced with trastuzumab emtansine (T-DM1), an antibody-drug conjugate that provides targeted delivery of chemotherapy to HER2-overexpressing cells, as well as HER2 blockade, 12 and is associated with a lower incidence of adverse events (AEs) that are typically observed with conventional chemotherapy. 13, 14 KRISTINE compared neoadjuvant T-DM1 plus pertuzumab (T-DM1+P) with conventional systemic chemotherapy-docetaxel plus carboplatinplus dual HER2-targeted blockade-trastuzumab and pertuzumab-in patients with HER2-positive breast cancer. As reported previously, the T-DM1-based regimen led to a statistically significantly lower pCR rate in the breast and nodes (ypT0/is, ypN0) than the conventional systemic chemotherapy-based regimen (44.4% v 55.7%; difference of 11.3 percentage points [95% CI, 220.5 to 22.0] P = .016); however, fewer grade 3 or greater (13.0% v 64.4%) and serious AEs (4.9% v 28.8%) were observed with the T-DM1-based regimen in the neoadjuvant phase. 12 Here, we report the final results, which include 3-year efficacy, safety, and patient-reported outcomes (PROs) from KRISTINE.
METHODS

Study Design
Comprehensive methods were published with the primary results. 12 KRISTINE is a randomized, open-label, multicenter, phase III study that was conducted at 68 Translational Research In Oncology centers in 10 countries and in accordance with the International Council on Harmonization Good Clinical Practice guidelines and the Declaration of Helsinki. The institutional review board and/or ethics committee at each site approved the protocol and all patients provided written informed consent.
Patients
Eligible patients were age 18 years or older with clinical stage cT2 to cT4 (. 2 cm)/cN0 to cN3/cM0 (. 2 cm) disease confirmed by a central laboratory (Targos Molecular Pathology, Kassel, Germany), to be HER2-positive breast cancer (immunohistochemistry 3+ [PATHWAY anti-HER2/neu {4B5} assay; Ventana Medical Systems, Santa Clara, CA]), or in situ hybridization-positive, defined as a HER2/CEP17 ratio of 2 or greater (INFORM HER2 Dual ISH assay; Ventana Medical Systems). 15 Both tests were conducted in parallel for all patients; however, only one test needed to be positive to establish HER2-positive status.
Procedures
Patients were randomly assigned 1:1 to neoadjuvant treatment with T-DM1+P or docetaxel, carboplatin, trastuzumab plus pertuzumab (TCH+P) under a permuted block randomization scheme. Random assignment was stratified by hormone receptor status (estrogen receptor and/or progesterone receptor positive v estrogen receptor negative and progesterone receptor negative on local assessment), clinical stage at presentation (II to IIIA v IIIB to IIIC), and geographic location (North America v Western Europe v rest of world).
Patients who were randomly assigned to T-DM1+P received T-DM1 (3.6 mg/kg) and P (840-mg loading dose and 420-mg maintenance doses) during both the neoadjuvant and adjuvant phases of the study. Patients who were randomly assigned to TCH+P received TC+H (8-mg/kg loading dose and 6-mg/kg maintenance doses), and P (840-mg loading dose and 420-mg maintenance doses) during the neoadjuvant phase and continued trastuzumab plus pertuzumab (H+P) only during the adjuvant phase. In both study arms, HER2-targeted treatment was administered every 3 weeks for a total of 18 cycles-inclusive of neoadjuvant and adjuvant therapy-or until disease progression/recurrence, unacceptable toxicity, or withdrawal of consent. Patients who discontinued T-DM1 before treatment completion could switch treatment to trastuzumab with continuation of pertuzumab when clinically appropriate to complete 18 cycles of HER2-targeted therapy.
Patients underwent definitive breast cancer surgery between 14 days and 6 weeks after the last dose of neoadjuvant therapy. Within 9 weeks of surgery, patients resumed HER2-targeted therapy to which they had been previously randomly assigned-T-DM1+P or H+P-for 12 cycles. Additional adjuvant chemotherapy was permitted in the T-DM1+P arm at the discretion of the treating physician before adjuvant HER2-targeted therapy; it was recommended for patients in the T-DM1+P arm with residual tumor greater than 1 cm and/or residual nodal disease (greater than ypN0). Adjuvant radiotherapy and endocrine therapy were administered as clinically indicated per local practice.
End Points
The primary efficacy end point was locally determined pCR (ypT0/is, ypN0), as described previously. 12 Protocoldefined secondary efficacy end points included EFS, defined as the time from random assignment to disease progression, including local progression before surgery; disease recurrence-local, regional, distant, ipsilateral noninvasive, or contralateral (invasive or noninvasive)-or death from any cause; invasive disease-free survival (IDFS), defined as the time from surgery to the first documented occurrence of an event defined as ipsilateral invasive local recurrence, ipsilateral locoregional invasive recurrence, distant recurrence, contralateral invasive breast cancer, or death from any cause; and OS. The definition of IDFS was consistent with the standardized definitions for efficacy end points (STEEP) criteria, with the exception that nonbreast second primary invasive cancer was not included. 16 Protocol-defined PRO objectives included assessment of global health status/health-related quality of life, patient functioning, disease-and treatment-related symptoms as measured by the European Organization for Research and Treatment of Cancer (EORTC) Quality-of-Life Questionnaire (QLQ)-C30 and breast cancer module (QLQ-BR23). Severity of AEs were categorized on the basis of on National Cancer Institute Common Terminology Criteria for Adverse Events, version 4.0.
Statistical Analysis
Secondary efficacy end points, including EFS and OS, were analyzed in the intention-to-treat population. Analysis of IDFS was completed only for patients who underwent surgery as recorded in the database-that is, the IDFSevaluable population-consistent with the IDFS definition. Analysis of secondary end points was not event driven, but, rather, preplanned to occur approximately 36 months after random assignment. The study was not powered to detect statistically significant differences between treatment arms in EFS, IDFS, or OS; therefore, these end points were analyzed descriptively without formal a allocation and P values are not presented. We used the stratified Cox proportional hazards regression model to estimate hazard ratios (HRs) and CIs, using TCH+P as the reference arm. Analyses were stratified for hormone receptor status and clinical stage at presentation. Kaplan-Meier estimates for 3-year event-free rates were reported for EFS, IDFS, and OS, along with corresponding 95% CIs that were calculated using the linear transformation. For the primary analysis of EFS and IDFS, patients were not censored for the initiation of nonprotocol anticancer therapy. Sensitivity analyses of EFS and IDFS were performed when patients were censored for the initiation of nonprotocol anticancer therapy. We performed additional post hoc analysis of IDFS according to pCR status and hormone receptor status.
Analysis of PRO end points was completed in patients who had both baseline and one or more postbaseline assessment. In accordance with the scoring manual, summary statistics of linear transformed scores were computed for the QLQ-C30 and QLQ-BR23 scales for each assessment timepoint. If more than 50% of the constituent items on the QLQ-C30 and QLQ-BR23 scales were completed, a prorated score was computed. 17 For scales with less than 50% of the items completed, the scale was considered missing. Mean change of the linear transformed scores from baseline-and SEs-were computed for each assessment timepoint. Table A1 , online only), and all but two patients in the TCH+P arm received one or more dose of study medication. 12 Baseline characteristics were balanced between arms (Appendix Table A2 Table 1 and Fig 3A) . Three-year IDFS eventfree rates were 93.0% (95% CI, 89.4% to 96.7%) with T-DM1+P and 92.0% (95% CI, 86.7% to 97.3%) with TCH+P. OS was also similar between arms-six deaths in the T-DM1+P arm and five in the TCH+P arm ( . In patients with residual diseaseregardless of whether they received optional adjuvant chemotherapy-risk of an IDFS event was also similar between treatment arms (stratified HR, 0.94 [95% CI, 0.38 to 2.33]). The 3-year IDFS event-free rate was 89.4% (95% CI, 83.1% to 95.6%) in the T-DM1+P arm and 84.2% (95% CI, 72.5% to 96.0%) in the TCH+P arm. A similar risk of an IDFS event in both arms was also observed in subgroups defined by hormone receptor status (Appendix Table A3 , online only).
RESULTS
From
Sensitivity analyses for EFS and IDFS were conducted that censored patients at the time that they initiated nonprotocol anticancer therapy. Results of these sensitivity analyses were completely aligned with the results of the primary analyses for both EFS and IDFS (Appendix Table A4 , online only).
Adjuvant chemotherapy, endocrine therapy, and/or radiation therapy-in addition to T-DM1+P or H+P-was received on study by 159 (77.9%) of 204 patients in the T-DM1+P arm and 178 (83.2%) of 214 patients in the TCH+P arm (Appendix Table A5 , online only). Chemotherapy was administered to 50 patients (24.5%) in the T-DM1+P arm (41 [33.1%] of 124 patients with residual disease and nine [9. 1%] of 99 patients with pCR) and to no patients in the TCH+P arm.
Safety
In the T-DM1+P arm, median treatment durations were 12.6 months (range, 0.7 to 18.6 months) for T-DM1 and 12.9 months (range, 0.7 to 18.6 months) for P (Appendix Table A6 , online only). In the TCH+P arm, median treatment durations were 3.5 months (range, 0 to 4.8 months) for T and C, and 12.9 months (range, 0 to 16.6 months) for H and P. Dose reductions of T-DM1 occurred in 19.3% of patients. Of 196 patients who received adjuvant T-DM1+P, 17 (8.7%) switched to H+P as a result of AEs.
During the overall study period, including both neoadjuvant and adjuvant phases, there was a lower incidence of serious (13.5% v 32.4%) and grade 3 or greater (31.8% v 67.6%) EFS, event-free survival; IDFS, invasive disease-free survival; TCH+P, docetaxel, carboplatin, and trastuzumab plus pertuzumab; T-DM1+P, trastuzumab emtansine plus pertuzumab. AEs in the T-DM1+P arm compared with the TCH+P arm, driven by the better safety profile of T-DM1+P compared with TCH+P in the neoadjuvant phase (Table 3) . Throughout the study, the four most commonly occurring grade 3 or greater AEs in the T-DM1+P arm were anemia (5.8%), neutropenia (3.6%), peripheral neuropathy (3.1%), and decreased platelet count (2.2%). The four most commonly occurring grade 3 or greater AEs in the TCH+P arm were neutropenia (25.1%), diarrhea (15.5%), febrile neutropenia (15.1%), and anemia (11%). Throughout the study, serious AEs that occurred in 1% or more of the T-DM1+P arm were febrile neutropenia (1.3%), anemia (1.3%), and wound infection (1.3%). In the TCH+P arm, these were febrile neutropenia (11.9%), diarrhea (4.1%), neutropenia (3.2%), vomiting (1.8%), colitis (1.4%), and decreased neutrophil count (1.4%). Symptomatic New York Health Association Class III or IV heart failure was reported in no patients receiving T-DM1+P and in three patients (1.4%) receiving TCH+P.
During adjuvant treatment, grade 3 or greater AEs, serious AEs, and AEs leading to the discontinuation of any component of treatment were more common in patients who received T-DM1+P (25.5% [50 of 196 patients in the safety population] of whom also received adjuvant conventional systemic chemotherapy) versus those who received H+P (Table 3) . Grade 3 or greater AEs occurred in 48 patients (24.5%) and 21 patients (9.9%), respectively. Serious AEs occurred in 13 patients (6.6%) and 10 patients (4.7%), respectively. AEs that led to the discontinuation of any component of treatment occurred in 36 patients (18.4%) and eight patients (3.8%), respectively. Those occurring in at least two patients are shown in Appendix Table A7 TABLE Abbreviations: DCIS, ductal carcinoma in situ; EFS, event-free survival; HR, hazard ratio; IDFS, invasive disease-free survival; OS, overall survival; TCH+P, docetaxel, carboplatin, and trastuzumab plus pertuzumab; T-DM1+P, trastuzumab emtansine plus pertuzumab.
*Stratified for hormone receptor status (estrogen receptor positive and/or progesterone receptor positive versus estrogen receptor negative and progesterone receptor negative) and clinical stage at presentation (II-IIIA v IIIB-IIIC).
†Patients who experience more than one IDFS event are reported in the category associated with their earliest IDFS event. If more than one event is reported on the same date, patients are reported in the category according to the following hierarchy: 1) distant recurrence, CNS; 2) distant recurrence, non-CNS; 3) locoregional recurrence; 4) contralateral breast cancer; and 5) death without prior event.
(online only). Among the 146 patients in the T-DM1+P arm who received no adjuvant chemotherapy, serious AEs occurred in six patients (4.1%), grade 3 or greater AEs occurred in 25 patients (17.1%), and AEs leading to the discontinuation of any component of treatment occurred in 22 patients (15.1%). During the adjuvant phase, one patient in the T-DM1+P arm died of an ileus AE after starting adjuvant chemotherapy that was deemed related to adjuvant chemotherapy.
PROs
Across visits, more than 80% of patients completed one or more question on the EORTC QLQ-C30 and QLQ-BR23. The response rate was similar between treatment arms. An optional assessment was administered to patients who received adjuvant chemotherapy in the T-DM1+P arm. Of 50 patients, 44 were eligible to complete the optional cycle 4 assessment, which occurred before cycle 4 of chemotherapy and 28 (63.6%) completed one or more question.
Baseline scores were well balanced between study arms (Appendix Table A8 , online only). Patients who received T-DM1+P reported fewer impairments on the QLQ-C30 and QLQ-BR23 during neoadjuvant treatment than did patients who received TCH+P, including on assessments of global health status, physical functioning, cognitive functioning, and diarrhea (Fig 3) . Similar scores were observed in each treatment arm on the QLQ-C30 and QLQ-BR23 scales during adjuvant treatment, and impairments generally resolved to baseline levels during follow-up; however, slight impairment in cognitive functioning remained at the final follow-up visit in both treatment arms. For the group of T-DM1+P patients who received adjuvant chemotherapy, impairments were observed in global health status, physical functioning, and cognitive functioning, as well as an increase in diarrhea at the optional assessment.
DISCUSSION
This phase III randomized study demonstrated that replacing systemic chemotherapy with T-DM1 in an HER2-targeted neoadjuvant regimen led to a greater risk of an EFS event (HR, 2.61 [95% CI, 1.36 to 4.98]), but a similar risk of an IDFS event (HR, 1.11 [95% CI, 0.52 to 2.40]) compared with TCH+P in patients with operable, HER2-positive stage II to III breast cancer. The higher risk of an EFS event in the T-DM1+P arm was driven by investigator-assessed locoregional progression before surgery (n = 15 [6.7%]) and noninvasive recurrence postsurgery (n = 3 [1.3%]) in the T-DM1+P arm, whereas no such events occurred in the TCH+P arm. Tumors from the 15 patients who experienced locoregional progression had lower HER2 expression and higher HER2 heterogeneity relative to those from other patients in the T-DM1 arm (Appendix Tables A9 and A10 , online only). These data suggest that patients with low and/ or heterogenous HER2 expression may require conventional systemic chemotherapy combined with HER2 blockade. A relationship between the level of HER2 expression and the extent of T-DM1 benefit has also been noted in the metastatic setting. Whereas T-DM1 therapy was superior to conventional therapy in all patient subsets, the benefits were greater in those with HER2 mRNA expression greater than the median for the study population. 18, 19 After surgery, analysis of the IDFS-evaluable population showed no difference between arms in the risk of an IDFS event; however, 95% CI is wide for the IDFS HR (0.52 to 2.40), and the 15 patients who experienced locoregional progression in the T-DM1+P arm before surgery were not included in the IDFS-evaluable population; therefore, IDFS results should be interpreted with caution. In addition, within the T-DM1+P arm, patients who had residual disease were more likely to have received adjuvant chemotherapy than patients who had a pCR (33.1% v 9.1%). Lack Death as a result of any cause 6 (2. Abbreviations: C, carboplatin; H, trastuzumab; LVEF, left ventricular ejection fraction; NYHA, New York Heart Association; P, pertuzumab; T, docetaxel; TCH+P, docetaxel, carboplatin, and trastuzumab plus pertuzumab; T-DM1, trastuzumab emtansine; T-DM1+P, trastuzumab emtansine plus pertuzumab.
*The patient died of an ileus adverse event with onset after the patient had received two cycles of cyclophosphamide and epirubicin from day 148 to day 169. The patient died on day 177. Death was attributed to adjuvant chemotherapy. of randomization to adjuvant chemotherapy and the small number of patients who received it preclude meaningful analyses of this subgroup. Consistent with other data, 9 pCR conferred a favorable long-term outcome compared with no pCR (stratified HR, 0.24 [95% CI, 0.09 to 0.60]) regardless of treatment arm, with 3-year IDFS event-free rates of 96.7% in the T-DM1+P arm and 97.5% in the TCH+P arm. A relationship between pCR and a favorable 3-year outcome was also apparent regardless of hormone receptor status.
During the overall study period, T-DM1+P was associated with fewer grade 3 or greater and serious AEs than TCH+P followed by adjuvant H+P, which was driven by a better safety profile in the T-DM1+P arm compared with the TCH+P arm during the neoadjuvant treatment phase. However, during the adjuvant phase, compared with H+P, T-DM1+P was associated with a greater incidence of grade 3 or greater AEs, serious AEs, and AEs that led to treatment discontinuation. The increased incidence of these AEs in the T-DM1+P arm seem to be driven, at least in part, by adjuvant chemotherapy. Serious AEs occurred in 14.0% (seven of 50) of patients who received adjuvant chemotherapy versus in 4.1% (six of 146) of patients who did not. Treatment with T-DM1+P resulted in less functional impairment and less impact from symptoms compared with TCH+P during the neoadjuvant phase of treatment, as assessed by EORTC QLQ-C30 (Fig 3) and QLQ-BR23 (data not shown). Although impairments in cognitive functioning and certain symptoms remained through the adjuvant phase and follow-up in both arms, a large negative impact on physical or role functioning or global health status was not observed.
The role of T-DM1 in early HER2-positive breast cancer is evolving, with two trials evaluating this agent in the adjuvant setting. The KATHERINE trial demonstrates that patients who had residual disease after neoadjuvant systemic chemotherapy plus single or dual HER2-directed therapy had a lower risk of invasive breast cancer recurrence or death with adjuvant T-DM1 compared with adjuvant trastuzumab (HR, 0.50 [95% CI, 0.39 to 0.64]; P , .001). 20 The ongoing KAITLIN trial (ClinicalTrials.gov identifier: NCT01966471) will compare T-DM1+P with taxane plus P+H after anthracyclines as adjuvant therapy for patients who have not received prior neoadjuvant therapy and will thus provide additional information on outcomes with adjuvant T-DM1+P.
Strengths of the current study were its rigorous randomized controlled design and its use of dual HER2-targeted therapy as the control in both the neoadjuvant and adjuvant phases. Limitations were that the end points of EFS, IDFS, and OS were secondary and the study was not powered to detect differences in these end points. In addition, the 15 patients who experienced locoregional progression in the T-DM1+P arm were not included in the IDFS analysis because they did not have surgery recorded in the case report form and their disease recurrence status was not available; however, some of these patients were still in the OS follow-up.
Three-year results from KRISTINE demonstrate that neoadjuvant and adjuvant T-DM1+P was associated with a higher risk of an EFS event, a similar risk of an IDFS event, and less quality-of-life impairment in the neoadjuvant phase compared with neoadjuvant TCH+P followed by adjuvant H+P. Furthermore, relative to TCH+P followed by adjuvant H+P, the conventional systemic chemotherapy-sparing regimen of T-DM1+P was associated with fewer serious AEs, grade 3 or greater AEs, and more AEs leading to treatment discontinuation. Overall, the observed worse EFS and similar IDFS associated with T-DM1+P might suggest the importance of selecting patients for a conventional chemotherapy-sparing neoadjuvant regimen. Data from KAITLIN will further define the clinical utility of adjuvant T-DM1+P in patients with HER2-positive early breast cancer. Abbreviations: EFS, event-free survival; HR, hazard ratio; IDFS, invasive disease-free survival; PR, progesterone receptor; TCH+P, docetaxel, carboplatin, and trastuzumab plus pertuzumab; T-DM1+P, trastuzumab emtansine plus pertuzumab.
*Stratified for hormone receptor status (estrogen receptor positive and/or progesterone receptor positive v estrogen receptor negative and progesterone receptor negative) and clinical stage at presentation (II-IIIA v IIIB-IIIC).
†Patients who experience more than one IDFS event are reported in the category associated with their earliest IDFS event. If more than one event is reported on the same date, patients are reported in the category according to the following hierarchy: 1) distant recurrence, CNS; 2) distant recurrence, non-CNS; 3) locoregional recurrence; 4) contralateral breast cancer; and 5) death without prior event. Abbreviations: HER2, human epidermal growth factor receptor 2; IHC, immunohistochemistry; T-DM1+P, trastuzumab emtansine plus pertuzumab. *HER2 heterogeneity categories were based on the percentage of cells that were stained positive for HER2, which was defined as the sum of cells with complete membrane staining with 2+ or 3+ intensity. Positive staining for , 30% of cells was categorized as HER2 focal; staining of $ 30% and # 79% of cells was categorized as HER2 heterogeneous; and staining of $ 80% of cells was categorized as HER2 homogeneous. 
